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ABSTRACT 

This paper reports on the effects of organic ingredients in facilitating direct shoot regeneration from nodal explants of 
Hibiscus rosa-sinensis L. This paper also compares the sterilization conditions for 3 types of explants (node, internode, 
and shoot tip) harvested from an open field. The optimized sterilization conditions for the explants were 40% Clorox- 
20 min exposure, 10% Clorox-15 min exposure, and 5% Clorox-40 min exposure for the node, internode and shoot tip, 
respectively. In the direct shoot regeneration using the nodal explants, we found MS medium containing 40 g/L sucrose, 
0.3% (w/v) activated charcoal, and supplementations with myo-inositol, thiamine and nicotinic acid were suitable. The 
in vitro shoot survival rate was 30% with a mean leaf numbers of 2.68 produced, and a mean leaf length of 1.71 cm 
achieved after 5 weeks of culture on the modified medium. 
 
Keywords: Hibiscus rosa-sinensis L.; Murashige and Skoog Medium; Axillary Bud; Sucrose; Organic Ingredient;  

Activated Charcoal 

1. Introduction 

Hibiscus rosa-sinensis L., commonly known as “Chinese 
Hibiscus”, is an evergreen perennial plant that grows in 
tropical and sub-tropical regions. It has a charismatic bright 
red, five-petal, and single layer flower, and the leaves are 
alternate along the branch. 

Pharmacological investigations of the genus Hibiscus 
indicated the existence of some species with interesting 
biological activities such as anti-hypertensive [1], anti-in- 
flammatory [2], hepato-protective [3], anti-tumoric [4], 
anti-diabetic [5], anti-convulsive [6], anti-oxidative [7,8], 
and anti-mutagenic [9,10]. 

Traditional propagation of Hibiscus spp. is dependent 
on vegetative means such as cuttings or grafting. Vegeta- 
tive propagation can shorten the length of the juvenile 
period and also allows genotypes combination [11]. How- 
ever, such traditional asexual propagation cannot circu- 
mvent the very fundamental problems of long growing 
period, large growing space, small plant quantity, and in- 
efficiency. After approximately 100 years of development, 

plant tissue culture technique provides an alternative to 
solving those problems. In this propagation method, only 
small pieces of plant tissue are required to regenerate on 
plant tissue culture medium under sterile conditions. The 
plant tissues can be the internodes, nodes, shoot tips 
(stems), root tips, calli, leaves, seed embryos, or anthers. 

Due to the strikingly encouraging effects of plant growth 
regulator (PGR) in accelerating, inducing, and maintain- 
ing in vitro shoots, direct in vitro shoots establishment 
and multiplication from explants often involve the appli- 
cation of PGRs such as 6-benzylaminopurine (BAP) [12, 
13], zeatin [14], BAP plus kinetin (KIN) [15], BAP plus 
indole-3-acetic acid (IAA) [16], or BAP plus naphtha- 
lene-3-acetic acid (NAA) [17]. Christensen et al. [13]) 
reported that the most suitable multiplication medium for 
H. rosa-sinensis L. was demonstrated to be a modified 
Murashige and Skoog (MS) medium containing 2.2 μM 
BAP and increased concentrations of calcium at 9 mM 
and iron at 295 μM provided as ethylenediamine di-2-hy- 
droxyphenyl acetate ferric (Fe-EDDHA). Bhalla et al. 
[18] modified the MS medium strength coupled with 
BAP in inducing direct shooting from H. rosa-sinensis *Corresponding author. 
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but concluded that BAP was not suitable in their study. 
While in other hibiscus species, H. cannabinus (kenaf), 
Herath et al. [12] reported that 8.8 μM of BAP was the 
best treatment, but was contradicting Zapata et al. [19] 
who revealed BAP at 4.4 μM completely suppressed shoot 
growth of kenaf. Both reports again contradicted Ayadi 
et al. [20] who found that the additions of PGRs [BAP, 
NAA, and indoleacetic acid (IBA)] to the MS medium 
were detrimental to the cultures as they reduced buds 
formation, inhibited shoots growth and roots induction. 
Hence, it seems crucial that focus be targeted at the me- 
dium ingredients rather than exogenous supplementation 
of PGRs in inducing shoots formation or elongation, as 
an alternative to optimize direct in vitro shoot establish- 
ment and multiplication of hibiscus explants. 

In this paper, we present the results on the effective- 
ness of shoot induction through modification of the MS 
medium ingredients, without involving any PGRs. We also 
report the effectiveness of sodium hypochlorite (NaOCl) 
in controlling the balance between contamination and 
survival levels for three types of H. rosa-sinensis L. 
vegetative explants, and highlight the optimized condi- 
tions for explants sterilization of this plant species, which 
were harvested from open field. Since most of the reported 
studies on hibiscus species were focused on samples ob- 
tained from plants grown in greenhouses, this paper pro- 
vides alternative reference for plants grown in the open 
fields. 

2. Materials and Methods  

2.1. Culture Medium 

All the media used were based on MS basal salts and 
vitamins [21]. No PGR was added. For media used in the 
sterilization process, 20 g/L of sucrose was added to half 
strength MS (1/2 MS) basal medium while for subse-
quent direct shoot induction, different sucrose concentra-
tions (10, 20, 30, 40, 50 g/L), activated charcoal [0.1, 0.2, 
0.3, 0.4 and 0.5% (w/v)] and different combinations of 
organic ingredients [myoinositol + thiamine.HCl, myoi- 
nositol + thiamine.HCl + nicotinic acid, myoinositol + 
thiamine.HCl + pyridoxine.HCl, myoinositol + thiamine. 
HCl + nicotinic acid + pyridoxine.HCl, and myoinositol 
+ thiamine.HCl + nicotinic acid + pyridoxine.HCl + gly- 
cine] were tested. The pH of the medium was adjusted to 
5.7 - 5.8 using 1 M NaOH before adding 2.7 g/L gelrite 
agar (for sterilization study) or 1.6 g/L gelrite agar (for 
organogenesis). The medium was autoclaved at 121˚C 
for 15 min. In the sterilization study, the explants were 
cultured on solid medium in Petri dishes while for shoot 
induction, the explants were placed on solid medium in cul- 
ture tubes (diameter: 2.5 cm; height: 10 cm). Each treat- 
ment consisted of 50 replicates and the whole experiment 

was carried out twice. 

2.2. Explant Surface Sterilization 

Three types of explants—shoot tip, node, and internode- 
were harvested from young shoots of H. rosa-sinensis L. 
plants (the shoot harvested contained a maximum of three 
nodes counting from the shoot tip) that grew beside the 
Sultan Abdul Samad Library, Universiti Putra Malaysia, 
Selangor Darul Ehsan, Malaysia, and was authenticated 
with the Voucher Specimen Number: SK1560/08. 

The nodes, internodes and shoot tips were cut into 2 
cm long before washing under running tap water for 30 
min. One drop of detergent (Dynamo) was added into the 
water and the washing was continued for an additional 
min. The detergent was removed under the running tap 
water and the explants were rinsed with distilled water 
three times. Commercial Clorox solution [5.25% (w/v) 
NaOCl] diluted to concentrations ranging from 5 to 50% 
(v/v), were tested on decontaminating all explants except 
the shoot tips, which were only subjected to 5% to 20% 
(v/v) of the Clorox solution. All treatments (except for 
shoot tips) were subjected to a Clorox exposure time 
ranging from 5 to 30 min at 5-min intervals; while for 
shoot tip, it was 10 to 60 min exposure time at 10-min 
intervals (Table 1). One drop of Tween-20 was added to 
the Clorox solution prior to sterilization. After each treat- 
ment, the explants were thoroughly washed with sterile 
deionized water 3 times [22], each comprising 10 min. 
After the sterilization steps above and prior to culturing on 
the nutrient medium, each node, internode and shoot tip 
explants were trimmed into 1 cm length. Each treatment 
for the node and internode explants, respectively, consisted 
of 45 replicates, while shoot tip comprised of 25 repli-
cates due to limited samples. All cultures were main-
tained at 27˚C ± 1˚C under a 16 h-photoperiod provided 
by cool-white fluorescent tubes at 25 mMol photon/m2/s. 

For sterilization, observation was taken daily for 35 
days to record the percentages of contamination and sur- 
vival of the explants. All experiments were carried out 
twice. 

2.3. Direct Organogenesis  

Sterile nodal explants were cultured in tubes containing 
the relevant MS medium formulation (as described pre- 
viously in culture medium). The nodal explants were first 
subjected to treatment of different concentrations of sucrose. 
Following which, the optimized sucrose concentration 
was chosen for subsequent assessment of the organic 
ingredients and activated charcoal. The explants were 
maintained at 27˚C ± 1˚C under a 16 h-photoperiod pro- 
vided by cool-white fluorescent tubes at 25 mMol pho- 
ton/m2/s. Observation was taken weekly for 6 weeks to 
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Table 1. Explants treatments at different Clorox concentrations and exposure times. Data were taken after 35 days of culture 
which were displayed as survival and contamination percentages: (a) Node; (b) Internode; (c) Shoot tip. “C” denotes control. 
The numbers followed by different superscript letters (a, b, c, d, e) within a column are significantly different at p < 0.05 by 
Duncan’s multiple range test (DMRT). Data is the mean ± standard deviation (SD). Means are the results of 2 experiments. 

(a) Node 

Exposure Time (min) C 5 10 15 20 25 30 

Clorox Conc., % (v/v)  Survival, % 

5 0 67.5 ± 3.5b 44.0 ± 17.0ab 62.0 ± 5.7ab 36.5 ± 7.8a 67.0 ± 15.6b 53.0 ± 7.1ab 

10 0 62.0 ± 12.7b 48.0 ± 11.3ab 67.5 ± 7.8b 31.5 ± 2.1a 31.5 ± 10.6a 30.5 ± 5.0a 

15 0 41.5 ± 16..3a 29.5 ± 5.0a 33.0 ± 7.1a 26.0 ± 5.7a 29.0 ± 1.4a 36.5 ± 3.5a 

20 0 58.0 ± 2.8a 42.0 ± 11.3a 59.0 ± 4.2a 49.0 ± 12.7a 55.5 ± 14.9a 60.0 ± 15.6a 

25 0 45.5 ± 7.8ab 45.0 ± 9.9ab 39.0 ± 1.4a 37.0 ± 1.4a 68.0 ± 14.1c 60.0 ± 2.8bc 

30 0 42.0 ± 5.7a 66.0 ± 17.0b 58.0 ± 2.8ab 69.5 ± 3.5b 74.5 ± 5.0b 76.5 ± 5.0b 

35 0 39.0 ± 1.4a 44.4 ± 9.2a 86.5 ± 6.4b 72.5 ± 0.7b 85.5 ± 10.6b 77.0 ± 4.2b 

40 0 39.5 ± 10.6a 60.5 ± 9.2b 65.5 ± 7.8bc 94.5 ± 5.0d 83.5 ± 7.8cd 93.5 ± 3.5d 

45 0 23.5 ± 5.0a 29.5 ± 9.2a 75.0 ± 14.1c 43.5 ± 7.8ab 41.5 ± 3.5ab 67.0 ± 15.6bc 

50 0 36.5 ± 7.8a 74.5 ± 10.6b 81.5 ± 13.4b 85.0 ± 2.8b 88.0 ± 11.3b 49.0 ± 5.7a 

Exposure Time (min) C 5 10 15 20 25 30 

Clorox Conc., % (v/v)  Contamination, % 

5 100 20.0 ± 5.7ab 29.0 ± 12.7b 16.0 ± 5.6ab 14.0 ± 2.8ab 6.5 ± 3.5a 5.5 ± 1.4a 

10 100 20.0 ± 2.8a 15.5 ± 6.4a 13.5 ± 3.5a 13.5 ± 3.5a 10.0 ± 1.4a 16.5 ± 5.0a 

15 100 58.5 ± 16.3bc 75.5 ± 12.0c 58.5 ± 16.3bc 27.5 ± 7.8ab 23.5 ± 10.6a 51.5 ± 6.4abc 

20 100 30.0 ± 4.2b 22.5 ± 9.2ab 17.5 ± 6.4ab 28.5 ± 9.2b 7.0 ± 0.0a 12.0 ± 1.4a 

25 100 53.0 ± 15.6b 10.5 ± 3.5a 23.5 ± 10.6a 23.5 ± 10.6a 3.0 ± 1.4a 30.0 ± 14.1ab 

30 100 31.0 ± 9.9b 27.5 ± 7.8b 31.0 ± 0.0b 23.0 ± 1.4b 20.0 ± 2.8b 5.5 ± 2.1a 

35 100 13.5 ± 6.4b 5.0 ± 1.4ab 3.0 ± 1.4a 12.5 ± 5.0b 0.0 ± 0.0a 7.5 ± 0.7ab 

40 100 18.0 ± 8.5b 13.5 ± 3.5b 19.0 ± 1.4b 2.0 ± 0.0aa 4.0 ± 0.0a 0.0 ± 0.0a 

45 100 27.5 ± 5.0b 17.5 ± 6.4a 14.5 ± 5.0a 12.0 ± 1.4a 9.0 ± 0.0a 9.0 ± 2.8a 

50 100 36.5 ± 7.8d 12.5 ± 5.0bc 21.0 ± 4.2c 12.0 ± 1.4bc 0.0 ± 0.0a 8.0 ± 1.4ab 

(b) Internode 

Exposure Time (min) C 5 10 15 20 25 30 

Clorox Conc., % (v/v)  Survival, % 

5 0 93.0 ± 4.2c 54.0 ± 8.5ab 60.5 ± 10.6ab 87.0 ± 18.4bc 56.0 ± 14.1ab 51.0 ± 15.6a 

10 0 93.0 ± 0.0b 87.5 ± 2.1a 97.0 ± 1.41c 92.5 ± 0.7b 89.5 ± 2.1ab 89.5 ± 0.7ab 

15 0 77.5 ± 6.4ab 83.0 ± 1.4ab 86.5 ± 9.2b 73.5 ± 6.4ab 72.0 ± 1.4a 85.0 ± 1.4ab 

20 0 90.5 ± 0.7a 90.5 ± 0.7a 90.0 ± 8.5a 93.5 ± 3.5a 88.0 ± 1.4a 92.0 ± 2.8a 

25 0 94.5 ± 2.1bc 94.0 ± 5.7bc 97.0 ± 1.4c 81.0 ± 1.4a 91.0 ± 0.0bc 89.5 ± 2.1b 

30 0 88.0 ± 5.7a 86.5 ± 5.0a 87.5 ± 6.4a 95.0 ± 1.4a 85.5 ± 5.0a 88.0 ± 1.4a 

35 0 91.0 ± 0.0ab 96.0 ± 0.0bc 99.0 ± 1.4c 97.0 ± 1.4c 96.0 ± 2.8bc 86.5 ± 3.5a 

40 0 92.5 ± 0.7b 95.5 ± 3.5bc 87.5 ± 0.7a 94.5 ± 2.1bc 94.5 ± 0.7bc 98.0 ± 0.0c 

45 0 93.5 ± 6.4a 96.0 ± 0.0a 93.5 ± 6.4a 91.0 ± 2.8a 95.5 ± 3.5a 92.0 ± 1.4a 

50 0 97.0 ± 1.4bbc 96.0 ± 0.0b 96.0 ± 0.0b 95.0 ± 1.4ab 93.0 ± 1.4a 99.0 ± 1.4c 

Exposure Time (min) C 5 10 15 20 25 30 

Clorox Conc., % (v/v)  Contamination, % 

5 100 62.5 ± 6.4a 52.5 ± 0.7a 49.0 ± 2.8a 52.5 ± 5.0a 44.5 ± 3.5a 46.0 ± 14.1a 

10 100 0.0 ± 0.0a 1.5 ± 0.7b 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 

15 100 4.0 ± 0.0a 3.0 ± 1.4a 0.0 ± 0.0a 3.0 ± 1.4a 0.0 ± 0.0a 16.0 ± 5.7b 

20 100 2.0 ± 0.0a 7.0 ± 0.0a 12.5 ± 5.0b 2.0 ± 0.0a 5.5 ± 2.1a 4.0 ± 0.0a 

25 100 5.5 ± 2.1b 0.0 ± 0.0a 5.5 ± 2.1b 17.0 ± 1.4d 8.0 ± 1.4bc 10.0 ± 1.4c 

30 100 16.5 ± 5.0b 16.5 ± 5.0b 17.5 ± 6.4b 0.0 ± 0.0a 14.5 ± 5.0b 9.0 ± 2.8ab 

35 100 7.5 ± 2.1b 0.0 ± 0.0a 0.0 ± 0.0a 2.0 ± 0.0a 3.0 ± 1.4a 3.0 ± 1.4a 

40 100 0.0 ± 0.0a 2.0 ± 0.0a 9.5 ± 2.1b 2.0 ± 0.0a 2.0 ± 0.0a 0.0 ± 0.0a 

45 100 14.5 ± 5.0c 3.0 ± 1.4ab 10.0 ± 4.2bc 9.0 ± 2.8abc 7.0 ± 0.0abc 2.0 ± 0.0a 

50 100 5.5 ± 2.1c 0.0 ± 0.0a 2.0 ± 0.0ab 2.0 ± 0.0ab 3.0 ± 1.4bc 0.0 ± 0.0a 
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(c) Shoot Tip 

Exposure Time (min) C 10 20 30 40 50 60 

Clorox Conc., % (v/v)  Survival, % 

5 0 42.0 ± 14.2b 38.0 ± 2.8b 42.0 ± 8.5b 60.0 ± 5.7b 0.00 ± 0.0a 30.0 ± 2.8ab 

10 0 52.0 ± 5.7ab 50.0 ± 14.1ab 52.0 ± 11.3b 58.0 ± 8.5ab 38.0 ± 14.1a 35.0 ± 9.9a 

15 0 46.0 ± 14.1ab 68.0 ± 11.3b 64.0 ± 17.0b 30.0 ± 2.8ab 34.0 ± 14.1a 33.0 ± 12.7a 

20 0 64.0 ± 11.3c 30.0 ± 8.5 36.0 ± 0.0b 8.0 ± 0.0a 12.0 ± 0.0a 0.0 ± 0.0a 

Exposure Time (min) C 10 20 30 40 50 60 

Clorox Conc., % (v/v)  Contamination, % 

5 100 10.0 ± 2.8b 12.0 ± 5.7b 0.0 ± 0.0a 0.0 ± 0.0a 0.0 ± 0.0a 12.0 ± 0.0b 

10 100 6.0 ± 2.8bc 8.0 ± 0.0c 4.0 ± 0.0b 4.0 ± 0.0b 0.0 ± 0.0a 0.0 ± 0.0a 

15 100 4.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 8.0 ± 0.0 8.0 ± 0.0 

20 100 4.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 4.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

 
record the percentages of survival and regeneration of 
explants, mean leaf length (cm), and mean number of 
leaf. All experiments were carried out twice. 

2.4. Statistical Analysis 

The experiments were performed in a completely ran- 
domized design (CRD). Data were subjected to one-way 
analysis of variance (ANOVA) using SPSS version 16 
software (SPSS Inc., Chicago, USA). Multiple compari- 
sons among means were performed using Duncan’s mul- 
tiple range test with the level of significance at p = 0.05. 

3. Results and Discussion 

3.1. Explant Surface Sterilization 

Three types of explants (node, internode and shoot tip) 
were obtained from young hibiscus stems and subjected 
to different surface sterilization conditions as summa- 
rized in Table 1. The best sterilization condition for each 
explant type was scored based on the highest survival 
rate with minimal contamination. 

The results show that nodal explants is the most diffi- 
cult to sterilize, followed by shoot tip and internode. The 
nodal explant (node) bears an axillary bud located in a 
“V” shape trough, formed between the main stem and 
leaf petiole. Such shape easily traps contaminants and 
poses a barrier to water current during sterilization. The 
internodal explant has a smooth and small surface area 
compared to the other two explants (node and shoot tip) 
used in this study. A smooth surface is a poor “landing 
site” for microbial attachment because they are often eas- 
ily ousted under strong water current, and hence, a lower 
chance for the explants to get contaminated. Both of 
these characteristics seem to contribute to a low contami- 
nation percentage (<10%) and high survival rate (>80%) 
as observed for 90% of the treatments (Table 1(b)). 

For the shoot tip and nodal explants, the results show 
that increasing Clorox concentration with short exposure 
time was not effective in removing contaminants. For a 

5-min exposure time, the contamination percentage using 
5% (v/v) Clorox is comparable to almost all the Clorox 
levels tested. However, increasing the exposure time seems 
to be more favorable. Indeed, most researchers used 
longer exposure time (≥10 min) for nodal explant sterili-
zation from varying plant species [23-25]. If a shorter ex-
posure time is required, usually HgCl2 is used [26,27]. In 
this study, 75% of the treatments were able to confine the 
contamination percentages within 20%, and the explants 
survival percentages within the range of 30% - 70%. The 
best treatment for the node is 40%—20 min [2.1% (w/v) 
NaOCl)], a concentration comparable to that of the seeds 
from other plants [28,29]. It is interesting to find that 
Christensen et al. [13] applied 0.01% (w/v) NaOCl for H. 
rosa-sinensis nodal explants sterilization, a dose 210 
times lower than the best treatment for the nodal explants 
found in this study. Such discrepancies could be attrib-
uted to the location of the sampling site—greenhouse ver-
sus open environment. This indicates that by controlling 
the plants’ exposure to outside environment can limit the 
level of contamination on the plant itself. 

By taking into account of both the contamination and 
survival percentages, 10% - 15% min is the best treatment 
for the internode. Internodal explants subjected to this 
treatment did not show any contamination and almost all 
survived (Table 1(b)). However, under a situation where 
both the nodal and internodal explants were to be sub- 
jected to the disinfectant treatment simultaneously, 40% - 
20% min is applicable because both the contamination 
and survival percentages are not affected significantly 
(Tables 1(a) and (b)). 

The shoot tip was found to be susceptible to dehydra- 
tion after being excised from the mother plant. We found 
that the shoot tips did not survive with 30% (v/v) Clorox 
or higher and also when the sterilization time was 10 min 
or more. The best treatment for shoot tip is 5%—40 min 
[0.2625% (w/v) NaOCl], a treatment comparable to Jo et 
al. [30] who used about 0.15% (w/v) of NaOCl with 30 
min exposure for shoot tip of Alocasia amazonica. In con-
trast, Misra and Chakrabarty [22] used higher concentration, 
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4% (w/v) NaOCl, and shorter exposure time, 5 min, to 
sterilize Rosa clinophylla shoot tip. 

3.2. Direct Organogenesis 

Apart from exogenous supply of PGRs, growth and in-
duction of in vitro shoots are influenced by exogenous 
carbon source. The in vitro plants are either heterotrophic 
or semi-autotrophic, and hence an external supply of carbon 
is necessary. Sucrose is readily hydrolysed into glucose 
and fructose during autoclave, with the former being used 
up first and then fructose. Sucrose at 30 g/L (standard MS 
medium) was used for H. rosasinensis [13,18], H. can- 
nabinus [12,20], H. sabdariffa [31,32] and other in vitro 
cultures. From the results obtained (Figure 1(a)), 10 and 
20 g/L of sucrose were unsuitable for shoot induction. 
Growth of the shoots improved significantly at 30 g/L or 
higher. Further increment at 40 g/L showed that 30% of the 
explants regenerated, and the mean number of leaves pro-
duced and mean leaf length achieved were the highest. 
However, sucrose of more than 40 g/L did not improve 
the regeneration or the growth rates of the explants. 

Four types of vitamins (myo-inositol, thiamine, pyri- 
doxine, and nicotinic acid) and one amino acid, glycine 
were present in the standard MS medium formulation. Of 
the five supplements, myo-inositol and thiamine are es- 
sential for the culture of plant cells in vitro. Thiamine is 
an essential co-factor in carbohydrate metabolism and is 
involved in the biosynthesis of certain amino acids in its 
active form, thiamin diphosphate [33]. Plant cells and 
tissues could produce some essential vitamins in vitro but 
at a sub-optimal level, hence an exogenous supply of 
vitamin is always crucial. Similar to other plant species, 
all vegetative propagations of H. rosa-sinensis as reported 
involved the complete MS organic supplementations [13, 
18,34]. In contrast to previous reports, the results obtained 
in this study (Figure 1(b)) revealed that shoots induction 
with myoinositol and thiamine (MT) supplementations 
only were achieved at a percentage higher than that with 
myoinositol, thiamine, and nicotinic acid (MTN). How- 
ever, the shoots grown with organic supplements con- 
sisted of MTN gave better qualitative results of greenier 
and healthier-looking shoots (result not shown). 

Activated charcoal or carbon (AC) had been reported 
to be a useful supplement in the plant tissue culture me-
dium for several purposes such as improving rooting [35], 
shoot elongation [36], preventing necrosis [37], and pre-
venting browning [38]. The fine network of pores and 
large surface area of AC serves as a useful scavenger to 
adsorb inhibitory phenolic compounds. As shown in Figure 
1(c), nodal explant cultured on medium augmented with 
0.3% (w/v) of activated charcoal achieved the highest 
shoot regeneration rate (40%) at the 3rd week. Leaf absci- 
ssion and shoot necrosis were delayed until the 6th week, 

 

 

 
(a) Sucrose 
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(b) Organic Ingredient 

 

 

 
(c) Activated Charcoal 

Figure 1. Regeneration of nodal explants cultured on MS 
medium, mean number of leaf shooted, and mean leaf length 
obtained: (a) Sucrose; (b) Organic ingredient; (c) Activated 
charcoal. Data were taken after 6 weeks of culture. Error 
bars indicate standard deviations (n = 2). Different letters (a, 
b, c, d) indicate values that are significantly different at p < 
0.05 by Duncan’s multiple range test (DMRT). G: Glycine; 
M: Myoinositol; N: Nicotinic acid; P: Pyridoxine; T: Thia-
mine. 

Figure 1(c). However, further increment of AC concen-
tration did not improve the observable growth perform-
ance of the shoots as shown in Figure 1(c). This may be 
due to adsorption of the nutrient ions (Cu2+ or Zn2+) and 
other organic supplements (vitamins) in the medium by 
the excess amount of AC resulting in lower amounts of 
nutrients and supplements being made available to the 
growing cultures [39]. 

4. Conclusion 

The morphology of an explant does affect the effective- 
ness of the sterilization process. The source of the ex- 
plants may also play a role in this aspect. Comparison of 
the three explants used in this study revealed that the 
most difficult explant type to sterilize is the node while 
the easiest are the internode and shoot tip. However, 
shoot tip is prone to desiccation at high Clorox concen- 
tration. The recommended MS medium formulation for 
shoot induction of H. rosa-sinensis L. nodal explant is at 
least 40 g/L of sucrose supplemented with myoinositol, 
thiamine.HCl, nicotinic acid and 0.3% (w/v) activated 
charcoal. 
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